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ABSTRACT 
A total of 27 fatty acids (FAs) were identified in gonad and digestive gland throughout the 
maturation process of female blacklip abalone (Haliotis rubra L.). In all maturation stages, 
monoenes were the main fatty acid group in total lipid in gonad (6-46.8%), followed by saturates 
and PUFA. Of individual fatty acid, the predominant FAs in ripe gonad of female were palmatic 
acid (30%), oleic acid (17.2%) and vaccenic acid (16.8%). Except for n-3 PUFA, all major fatty 
acids group increased as maturation progressed, and decreased after spawning (P< 0.05). 
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INTRODUCTION 
Early life cycle of oviparous animals 
depends on an egg that produced through maturation 
process of the gonad. Previous studies on other 
molluscs have shown that biochemical profiles of the 
gonad of wild caught animals provide basic and useful 
information for developing diets during broodstock 
conditioning. Biochemical composition of the gonad 
depends on the materials stored during the maturation 
process and is determined by the quality and quantity 
of ingested food (Hahn, 1989; Soudant et a/.  1996, 
1999; Martinez et a/.  2000). Several studies on 
marine mollusc have indicated that muscle and organ 
besides gonad could contribute to energy storage 
demand during active reproductive period. Energy 
resources is mainly stored in digestive gland, was 
observed in oyster (Berthelin et a/. 2000). 
Accordingly, muscle was reported as major energy 
resources in oyster and scallop ( P a m  et 01. 1997; 
Berthelin et a!. 2000). Furthermore, as the digestive 
gland has also been found to play an important role in 
energy transformation during the maturation in 
molluscs (Caers et a/.  1999), biochemical changes 
thereof is also likely to provide useful information in 
broodstock diet development. 
The present study is an extension of previous 
work on the blacklip abalone, Haliotis rubra (Litaay 
et a/.  2001; Litaay & De Silva, 2003; Litaay, 2005). 
In this study, the changes in fatty acid profile of 
gonads and digestive glands of female blacklip 
abalone in relation to maturation are presented. 
METHODOLOGY 
Sample collections 
Gonad and digestive gland of blacklip abalone for this 
study were obtained through the South West Food 
Abalone Processor, Port Fairy Victoria, Australia, 
which received substantial quantities of commercial 
abalone catches for processing from Port Fairy waters, 
south eastern Australia (142' 1592; 38' 21's). 
Abalone samples were obtained monthly during the 
fishery, from July to November 1999, and details on 
sample collection have been given earlier (Litaay et 
al. 2001). Physical measurements of the animals, 
chosen randomly, were done on site and gonads and 
the digestive glands were dissected and transferred 
into ice and returned to the laboratory for further 
analysis. 
In the laboratory, a portion (midpoint of a 
preserved conical appendage) of a minimum of six 
ovaries in each stage of maturity was fixed in buffer 
formalin and prepared for histological examination 
(Litaay & De Silva, 20031, and the other portion 
frozen and stored at -30°C for chemical analysis. 
Histological studies were carried out to determine 
maturity stage of animals to authenticate the visual 
macroscopic evaluation of maturity stages. The 
stages of maturity for female blacklip abalone were 
determined based on criteria described in Litaay 
(2005). 
Fatty Acid Analysis 
Samples from lipid extraction (AOAC, 1990) 
were used for fatty acid analysis, and fatty acid 
analysis was carried out as described previously 
(Gunasekera et a/. 2002). Briefly, the fatty acids in the 
total lipid were esterified into methyl esters by 
saponification with 0.5 N methanolic NaOH and 
transesterified with 14% BF3 (wlv) in methanol 
(AOAC, 1990). Three aliquots of each of the three 
esterified samples (fatty acid methyl esters), were 

. 
- 
- 
The Blacklip Abalone ... (Magdalena Litaay, Sena S. De Silva dan Rasanthi Gunasekera) 93 
Fatty Acid Stage 1 Stage 2 Stage 3 Stage 4 Stage 5 
14:O 8.7+ 0.5' 6.8+0.1b 4.1+0.1a 1 1.7+ 0.9' 4.8% 0.5' 
16:O 
18:O 
20:o 
22:o 
16:ln-9 
17:In-I0 
18:In-I1 
18:ln-9 
18:In-7 
20:ln-11 
22:In-9 
18:in-6 
18:3n-6 
20:2n-6 
20:3n-6 
20:4n-6 
222n-6 
22411-6 
18:3n-3 
18:4n-3 
20:3n-3 
20:s"-3 
22:3n-3 
2 2 3 - 3  
226n-3 
Saturates 
Monoenes 
X n-3 
Z n-6 
Stage I : Immature; Stage 2 -Active maluring; Stage 3 -Ripe; Stage 4- Pmially spawned; Stage 5- Spent; nd = not detected; tr = trace (<0.1%) 
The changes in the amount of individual 
fatty acids in the ovary and the digestive gland with 
maturation were also reflected in the main fatty acid 
groups (Figures 1, 2), saturates, monoenes, and 
polyunsaturated fatty acids (PUFA). However, the n- 
3 to n-6 ratio in the gonad hardly changed as 
maturation progressed. In all maturation stages, 
monoenes were the main fatty acid group, accounted 
for about 6 46.8%, in total lipid in the gonad, 
followed by saturates and PUFA (Fig 1). The amount 
of saturates and monoenes peaked in Stage 3 ovaries, 
and declined thereafter. In the digestive gland, on the 
other hand, all the major fatty acid groups decreased 
until Stage 3, and thereafter increased (Fig 2). Also, 
the n-3 and n-6 fatty acid groups occurred in 
significantly higher amounts than in the ovary. 
Generally, changes in some of the fatty acids 
in the gonad and the digestive gland during 
maturation of female blacklip abalone were evident 
(Tables I and 11). The predominance of some fatty 
acids in the gonad and the digestive gland of blacklip 
abalone are in conformity with previous findings. 
Higher percentage of monoenes fatty acid was also 
reported for other abalone, i.e, conditioned and wild 
broodstock of greenlip abalone (44 - 45%) (Daume & 
Ryan, 2004). The major fatty acids such as 16:0, 18:0, 
18: In-7, and 20: 511-3 in muscle sample of blacklip, 
H. rubra and greenlip, H. laevigata have been 
reported (Dunstan et al. 1996). A similar pmfile was 
also reported for H. discus hannai (Floreto et al. 
1996; Mai et al. 1996), and for H. tuberculata (Mai et 
al. 1996). The fatty acid 16:O has already been 
reported to exhibit large variations during annual 
cycle in other marine molluscs (Besnard, 1988). 
Grnbert et al. (2004) found elevated level of 20:2n-6, 
2051-3 and 18:2n-6 in foot, testis and ovary of 
blacklip and greenlip abalone feed with formulated 
diet that consisted of 18:2n-6 (27%), 18:ln-9 (20%) 
and 10:O (16.0%). Bautista-Ternel et al. (2001) and 
Su et al. (2004) reported that 18:4n-3, 20:5n-3 and 
22511-3 were the major fatty acid in the tissue of 
abalone. In the present study, 20511-3 increased three 
folds in the gonad during maturation to ripening. The 
abundance of 20:5nJ in abalone muscle was unusual 
as most marine animals had more 22:6n-3 (Dunstan et 
al. 1996; Mai et al. 1996). In the growth trial 
conducted by Mai et al. (1996), they found that 20%- 
3 played a prominent role in the nutrition of H. 
tuberculata and H. discus hannai. 
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Figure I Fatty acids profile in relation to mahlration as expressed as a percentage (MeansfSE) oftotal lipid in gonad of  female blacklip abalone 
Figure 2 Fatty acids profile in relation to maturation as expressed as a percentage (MeansfSE) of  total lipid in the digestive gland of female blacklip 
abalone 
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In general, information on the profile of fatty 
acids in digestive gland of molluscs is limited. The 
abundance of fatty acid 16:0, 18:0,20:0 and 20:l in the 
visceral mass was reported for scallop. Among these, 
however, only variations of 20:O seemed to occur in the 
main phases of the reproductive cycle (Galap et al. 
1999). The abundance of 20:4n-6 in the digestive gland 
of blacklip abalone may represent their ingested food. 
This fatty acid was reported as one of major fatty acid 
and was presented in high amounts in red algae 
(Dunstan et al. 1996; Floreto ef al. 1996). 
Polyunsaturated fatty acids (PUFA) with 20 
and 22 carbon atoms and more than three double bands 
are essential for survival and growth of molluscs 
(Trider & Castell, 1980; Uki ef al. 1986). Even though 
fatty acid 22:6n-3 has been known to be important for 
cell membrane ( M m  ef al. 1992), it was present in 
gonad of blacklip abalone only in trace amounts. The 
preferential accumulation of 22:6n-3, 20:4n-6, and 
20511-3 in the polar lipids indicated their role in 
gametogenesis and embryogenesis (Soudant et 01. 
1999). Intensive researches in marine fish indicated 
that there is an interaction between lipid and protein 
biosynthesis, hence amino acid and fatty acid profiles 
in the body of animals (Zhu et al. 1997). Dnrazo- 
Beltran ef al. (2003) also added, abalone had the ability 
to absorb organic material from sea water, also to 
synthesize fatty acid from carbohydrate. 
CONCLUSION 
Changes in fatty acids composition in total 
lipid in the gonad and the digestive gland of female 
blacklip abalone during maturation have provide useful 
infomation for the development in artificial food 
especially during conditioning of broodstock. The 
preferential accumulation of certain fatty acids in 
gonad which is usually present in a small amount in the 
food may explain biosynthesis mechanisms amongst 
important biochemical compounds and this warrants 
further study. 
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